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BATTERY CHARGE INDICATOR 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims the benefit of and priority to commonly owned 
U.S. Provisional Application No. 60/514,337, filed on October 24, 2003. 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0002] The present invention relates to a battery state of charge indicator and 
more particularly to a relatively simple system for sensing a nearly full state of charge 
of a battery, such as a lithium ion battery, and providing a visual indication of the nearly 
full state of charge. 

2. Description of the Prior Art 

[0003] Various portable devices and appliances, such as cellular phones, are 
known to use rechargeable batteries. For example, lithium ion batteries are known to be 
used in such applications. Battery chargers for such lithium ion batteries are generally 
known in the art. Examples of such lithium ion battery chargers are disclosed in U.S. 
Patent Nos. 5,670,862; 6,586,130 and commonly owned U.S. Patent Nos. 5,764,030 
and 6,002,237. Lithium ion battery chargers are known to operate in both constant 
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current and constant voltage charging modes. A characteristic charging curve for an 
exemplary lithium ion battery is illustrated in FIG. 1 . With such lithium ion batteries, the 



charging current is determined by the following equation 

Vcharge-Vbatt 

RCHARGER + RbATT 



VcHARGE-VbATT ^ t.,u^r^ 

CHARGE = , Where 



VcHARGE = charging voltage of the charger 

Vbatt = battery voltage 

RcHARGER = resistance of the charger circuit 

Rbatt= resistance of the battery. 
With such lithium ion batteries , a constant charging voltage Vcharge is applied to the 
battery . As the battery cell voltage Vbatt increases, as shown by the solid curve 22, 
the charging current Icharge decreases, as shown by the dashed curve 20, since the 
circuit resistance (Rcharger + Rbatt) is constant . Such lithium ion batteries are nearly 
fully charged when the charging current drops to a predetermined value . 
[0004] Because of the relatively long charging time characteristics of such 

lithium ion batteries, techniques have been developed to attempt to shorten the 
charging time. For example, one known technique relates to Initially increasing the 
charging current, for example, by increasing the charging voltage. This technique has 
been found to cause such lithium ion batteries to reach the maximum cell voltage 
quicker. However, the overall charging time is not known to be reduced by much. U.S. 
Patent No. 5,670,862 also relates to a rapid charging technique for lithium ion batteries. 
The '862 patent discloses a charging system which utilizes compensation of the 
expected voltage drop for the electrical series resistance of the lithium ion battery in 
order to shorten charging time. Although the '862 patent purports to reduce the battery 
charging time to about Vz of the nomrial charging time, no indication of the various states 
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of charge is provided to the user. As such, users have no way of knowing when the 
battery is fully charged. 

[0005] U.S. Patent Application Publication No. U.S. 2002/01 1 7996 A1 discloses a 
battery charger for a cellular phone. The published patent application discloses an LED 
indicator that Indicates when the battery Is fully charged. However, users do not always 
want to wait until batteries are fully charged. Thus, there Is a need for a visual Indication 
system that provides a visual indication to a user of the nearly full state of charge of a 
battery. 

SUMMARY OF THE INVENTION 

[0006] The present Invention relates to relatively simple system sensing a nearly 
full state of charge of a battery, such as a lithium ion battery, and providing a visual 
indication of the nearly full state of charge. The system for measuring the nearly full 
state of charge relies on the charging characteristics of a lithium ion battery. In 
particular, the system measures the charging current to the battery. When the charging 
current drops to a level representing, for example, 80% or more of full charge, a visual 
Indication Is provided to indicate a near full charge state of the battery. 

DESCRIPTION OF THE DRAWINGS 

[0007] These and other advantages of the present invention will be readily 
understood with reference to the following specification and attached drawing wherein: 
[0008] FIG. 1 Is a graphical representation of the current/voltage characteristics 
as a function of time of an exemplary lithium ion battery. 

[0009] FIG. 2 is a schematic diagram of a battery charger with a visual indication 
system for indicating a nearly full state of charge of a lithium ion battery In accordance 
with the present invention. 



3 



Docket 211552-00050 



DETAILED DESCRIPTION 

[0010] A battery charger that incorporates the system in accordance with the 
present invention for sensing and indicating a nearly full state of charge of a battery, 
such as a lithium ion battery, Is illustrated in FIG. 2 and generally identified with the 
reference numeral 24. As shown in FIG. 2, the battery charger 24 is configured as a 
DC-DC converter; however, the principles of the present invention are also applicable 
to AC-DC converters. 

[001 1] The system in accordance with the present invention is particularly useful 
with lithium ion batteries. Such batteries are known to take almost as long to charge the 
last 20% as the first 80%. The system provides an indication to the user when the 
battery is nearly fully charged, for example, 80% or more, utilizing a relatively simple 
method for sensing battery charge. As such, consumers can take advantage of this 
information, if desired, and avoid waiting for such batteries to be fully charged. 
[0012] One embodiment of the system in accordance with the present invention 
utilizes three color indicators, indicative of three levels of charging of a battery, such as 
a lithium ion battery. As will be discussed in more detail below, the visual indication 
system may include two LEDs, which provide three colors if the LED colors are selected 
as primary colors. For example, red and green LEDs may be provided. In a first state, 
when the battery cell voltage is relatively low, a red LED is illuminated. In a second 
state, both the red and a green LED are illuminated to create an orange color. The 
orange color is used to indicate a transitional state of charge. As will be discussed in 
more detail below, when the battery is nearly fully charged, the red LED is tumed off so 
that just the green LED is illuminated. The green LED is used to represent a near full 
state of charge. Although a three-color visual indication system is indicated, the 
principles of the present invention are also applicable to other visual indicators using 
either one, two, as well as four or more colors. 

4 
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[0013] Referring to FIG. 2, a battery charger 24 which incorporates a DO-DC 
converter is shown connected to a cigarette lighter auxiliary (CLA) socket (not shown) in 
an exemplary embodiment. The CLA socket connects the battery charger 24 to a 
positive DC power supply, identified as IN+ and ground. A capacitor C1 may be 
connected between the positive DC power supply IN+ and ground to provide 
electromagnetic interference filtering to remove noise from the DC source at the CLA 
socket. 

[0014] The battery charger 24 may include a power supply 26, such as a 
switched-mode power supply, for example, a Samsung Model KA34063 or other power 
supply. The switched-mode power supply 26 may be used to switch and invert the 
positive DC input into a high-frequency, for example, 40KHz, PWM signals and to 
provide feedback to regulate the output voltage, based on feedback from a feedback 
resistor R9. As shown, the feedback resistor R9 is connected between an output 
terminal (OUTPUT -) of the battery charger 24 and terminal 5 of the switched-mode 
power supply 26. The resistor R9 forms a voltage divider with the resistors R5, R6, R7 
and R8 to provide an indication of the voltage at the output terminal (OUTPUT +) of the 
battery charger 24. As such, switched-mode power supply 26 is able to regulate the 
output voltage at the output temiinals OUTPUT+ and OUTPUT-. 
[0015] The resistors R1 and R2 are applied to terminals 1 and 8, respectively, of 
the switched-mode power supply 26. These resistors R1 and R2 are current-limiting 
resistors and function to control the output power and current. A standard buck regulator 
may be coupled to terminal 5 of the switched-mode power supply 26. The buck 
regulator includes a diode D7 and an indictor LI . The diode D7 and indictor L1 provide 
DC rectification and filtering of the high-frequency switch voltage from the switched- 
mode power supply 26. 

[0016] The frequency of the switched-mode power supply 36 is controlled by a 
capacitor C2. The capacitor C2 is connected between temnina! 3 of the switched-mode 
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power supply 26 and system ground. Another capacitor, C4, may be connected 
between the output temiinals. The capacitor C4 filters the output and controls the ripple 
in the output signal. 

[0017] In accordance with an important aspect of the invention, the battery 
charger 24 includes a battery charge sensing circuit which includes a pair of operational 
amplifiers 28 and 30. The operational amplifiers 28 and 30 are used to drive a pair of 
LEDs 32 and 34, whose cathodes are tied together and connected to system ground by 
way of a resistor R1 1 . The operational amplifiers 28 and 30 compare the voltage across 
a current sensing resistor R10 to a reference voltage at pin 5 of the switched-mode 
power supply 26. In particular, the voltage across the current-sensing resistor R1 0 is 
applied to an inverting input of the operational amplifier 30 and a non-inverting Input of 
the operational amplifier 28. A voltage divider fornned from the resistors R5 and R6 is 
applied to the inverting input of the operational amplifier 28. An output from a second 
voltage divider, formed from the resistors R7 and R8, is applied to the non-inverting 
input of the operational amplifier 30. The values of the resistors R5/R6 and R7/R8 are 
selected so that the LEDs 32 and 34 turn on or off as the voltage across the current 
sensing resistor R10 decreases below predetermined current values. 
[0018] During a first charging stage, a red color, for example, may be used to 
indicate constant current charging until the cell voltage limit is reached. Once the cell 
voltage limit is reached, the charging current decreases virtually exponentially, as 
shown in FIG. 1 . In order to indicate the transition from constant current charging, an 
orange color is used. The orange color is created by illuminating both the red and 
green LEDs at the same time. The green LED may be driven to start to turn on at a first 
set point, for example, 200 milliamps. As the charging continues, the charging current 
continues to decrease. At another set point, for example, 100 milliamps, the red LED 
may be biased off and the green LED kept on. The second set point may be selected at 
about an 80% or greater state of charge. 
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[0019] Obviously, many modifications and variations of the present invention are 
possible in light of the above teachings. Thus, it is to be understood that within the 
scope of the appended claims, the invention may be practiced othenvise than is 

specifically described above. 

[0020] What is claimed and desired to be secured by a Letters Patent of the 
United States is: 
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